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EP 1 570 386 B1
Description

[0001] The present invention relates to a method and apparatus for predicting bending life spans of a plurality of
electric wires clamped at least two points to a predetermined part and/or their wire protecting members, the bending
induced by vibrations, and a program for predicting the same.

[0002] Usually, in a vehicle or the like, a plurality of electric devices are electrically connected to one another by a
plurality of electric wires (referred to frequently and simply as wires) . The wires are bundled, by an insulation locking
band, tape or the like, into a single bundle as so-called wire harness which is extendedly arranged at predetermined
locations of the automobile or the like. In some cases, the wires are protected by a wire protecting member such as a
grommet are arranged at a predetermined part. In other cases, the wires are arranged at a predetermined part of the
vehicle or the like, while not bundled into one line and/or not protected by the wire protecting members.

[0003] The vehicle is always placed in such an environment that it is always vibrated due to engine drive and the like.
In particular, the electric wires distributed inside the engine room directly receiving the engine vibrations, are repeatedly
bent and deformed, and finally disconnect due to the vibrations. Experimental results of such are reported. In this respect,
it is of particular importance to accurately predict the bending life spans of the electric wires and the wire protecting-
members.

[0004] Generally, the prediction of the bending life spans of the electric wires and the wire protecting members is
carried out by repeating design, trial manufacturing, and endurance test. For example, in such an endurance test, wires
distributed along an envisioned wiring path are placed on a vibration base plate. The vibration base plate is vibrated at
a predetermined frequency and a predetermined amplitude by the vibrator, and a bending life span of the wire when it
is vibrated at a specific number of vibrations is predicted.

[0005] The literature cited in the present specification are:

Non-patent document 1

"Matrix Infinite Element Method" by B. Nasu, published by Brain Library Publishing Corp, August 10, 1978, pp
7 to 15 Non-patent document 2

"Mode Analysis and Dynamic Design" by Kimihiko Yasuda, published by Corona Corp, November 10, 1993,
pp 54 to 56

[0006] On the other hand, a development period of the vehicle tends to be shorter, and further there is a demand of
enhancing a bending life prediction accuracy. In this circumstance, the related bending life span predicting method in
which the endurance test is repeated cannot satisfactorily reduce the development period, and cannot sufficiently meet
the demand of enhancing the prediction accuracy.

[0007] A computeraided method for predicting a life span of a wire bundle enclosed by a protective harness is described
in EP 1 236 989 A2. The wire bundle electrically connects a door to a vehicle’s body, and accordingly the wires and the
harness are exposed to a repeated bending due to opening and dosing the vehicle’s door. The life span in view of such
a bending is determined in a numerical simulation. The simulation comprises a modeling step for creating a finite element
model of the wires and the harness, and subsequent steps for calculating the change of strain in the modeled elements
and for predicting the life span based thereon.

[0008] Accordingly, to cope with the above-mentioned problems, an object of the present invention is to provide a
method and apparatus for predicting bending life spans of electric wires, which can meet the demands of a highly accurate
prediction of the bending life span and of reducing the development period in an environment where vibrations occur,
and a recording medium storing a program for predicting the same in such ways.

[0009] In order to solve the aforesaid object, the invention is characterized by having the following arrangement.

(1) A bending life predicting method of predicting bending life span of a plurality of wires induced by vibration, at
least two points of each of the plurality of wires being constrained, the method comprising the steps of:

a pre-storing step of pre-storing each predicting function representing relationships among atmosphere tem-
peratures, stresses and bending life spans for the plurality of wires;

a setting step of setting the plurality of wires, the atmosphere temperatures, pre-vibration shapes of the plurality
of wires, and constraint conditions of the plurality of wires;

a finite element model forming step of forming finite element models of the plurality of wires by using a finite
element method;

a vibration analyzing step of calculating natural frequencies for the pre-vibration shapes and calculating stresses
inindividual finite elements of the finite element models which correspond to the natural frequencies, respectively;
a maximum stress retrieving step of retrieving a maximum stress from the stresses calculated in the vibration
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analyzing step, for each of the plurality of wires;

a predicting function readout step of reading predicting functions corresponding to the atmosphere temperatures
set in the setting step, respectively;

a bending life predicting step of acquiring a bending life span corresponding to the maximum stress of each of
the plurality of wires while referring to the predicting functions read out in the predicting function readout step,
and obtaining a shortest bending life span from the bending life spans; and

an output step of outputting the shortest bending life span obtained in the bending life predicting step.

(2) The method according to (1), wherein in the vibration analyzing step, the plurality of wires are regarded as a
wiring structure in which the plurality of wires are bundled, and natural frequencies of the plurality of wires are
computed, respectively.

(3) The method according to (1), wherein the plurality of wires are bundled into a single bundle, and the bundling
of the plurality of wires is set as one of the constraint conditions in the setting step.

(4) The method according to (1), further comprising a position specifying step of specifying a position on the wire
corresponding to the shortest bending life span, the output step outputting the position specified by the position
specifying step.

(5) The method according to (1), wherein

in the vibration analyzing step, displacements of finite elements of the finite element models which correspond
to the natural frequencies are calculated,

the method includes an interference part predicting step of predicting an interference part on the plurality of
wires which is induced by vibrations based on the calculated displacements, and

the output step outputs the predicted interference part.

(6) The method according to (1), wherein a curve representing a lower confidence interval to a population regression
function statistically calculated using the stresses and data on bending endurance life spans that are obtained under
a plurality of typical atmosphere temperatures for the plurality of wires, is used for the predicting function.

(7) A bending life predicting device for predicting bending life spans of a plurality of wires induced by vibrations, at
least two points of each of the plurality of wires being constrained, the device comprising:

a pre-storing unit for pre-storing each predicting function representing relationships among atmosphere tem-
peratures, stresses and bending life spans for the plurality of wires;

a setting unit for setting the plurality for wires, the atmosphere temperatures, pre-vibration shapes of the plurality
of wires, and constraint conditions of the plurality of wires;

a finite element model forming unit for forming finite element models of the plurality of wires by using a finite
element method;

a vibration analyzing unit for calculating natural frequencies for the pre-vibration shapes and calculating stresses
inindividualfinite elements of the finite element models which correspond to the natural frequencies, respectively;
a maximum stress retrieving unit for retrieving a maximum stress from the stresses calculated in the vibration
analyzing unit, for each of the plurality of wires;

a predicting function readout unit for reading predicting functions corresponding to the atmosphere temperatures
set in the setting unit, respectively;

a bending life predicting unit for acquiring a bending life span corresponding to the maximum stress of each of
the plurality of wires while referring to the predicting functions read out in the predicting function readout unit,
and obtaining a shortest bending life span from the bending life spans; and

an output unit for outputting the shortest bending life span obtained in the bending life predicting unit.

(8) The device according to (7), wherein

the vibration analyzing unit calculates displacements of finite elements of the finite element models which
correspond to the natural frequencies,

the device includes an interference part predicting unit for predicting an interference part on the plurality of wires
which or the wire protecting member is induced by vibrations based on the calculated displacements, and
the output unit outputs the predicted interference part.
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(9) A computer readable recording medium storing a program for predicting bending life spans of apluralityof wires
induced by vibrations, at least two points of each of the plurality of wires being constrained, the program causing a
computer to function as:

a pre-storing unit for pre-storing each predicting function representing relationships among atmosphere tem-
peratures, stresses and bending life spans for the plurality of wires;

a setting unit for setting the plurality for wires, the atmosphere temperatures, pre-vibration shapes of the plurality
of wires, and constraint conditions of the plurality of wires;

a finite element model forming unit for forming finite element models of the plurality of wires by using a finite
element method;

a vibration analyzing unit for calculating natural frequencies for the pre-vibration shapes and calculating stresses
inindividual finite elements of the finite element models which correspond to the natural frequencies, respectively;
a maximum stress retrieving unit for retrieving a maximum stress from the stresses calculated in the vibration
analyzing unit, for each of the plurality of wires;

a predicting function readout unit for reading predicting functions corresponding to the atmosphere temperatures
set in the setting unit, respectively;

a bending life predicting unit for acquiring a bending life span corresponding to the maximum stress of each of
the plurality of wires while referring to the predicting functions read out in the predicting function readout unit,
and obtaining a shortest bending life span from the bending life spans; and

an output unit for outputting the shortest bending life span obtained in the bending life predicting unit.

Fig. 1 is a block diagram showing a basic configuration of the present invention.

Fig. 2A is a diagram showing an electric wire handled in the invention when it is discretized. Fig. 2B is a diagram
showing beam elements and nodes of the discrete electric wire shown in Fig. 2A.

Fig. 3 is a block diagram showing a hardware configuration constructed according to the invention.

Figs. 4A and 4B are diagrams showing bending life span data stored in a storing device in Fig. 3.

Fig. 5 is a flow chart showing a main processing procedure according to an embodiment of the invention.

Fig. 6 is a flow chart showing a vibration analysis processing procedure shown in Fig. 5.

Figs. 7A, 7B and 7C are diagrams showing predictive shapes of the electric wire in primary, secondary and tertiary
vibration modes, respectively.

[0010] The preferred embodiment according to the present invention will be described with reference to the accom-
panying drawings. Pre-conditions, theories and basic formulae which are used in the embodiment will first be described
with reference to Figs. 2A and 2B. Fig. 2A is a diagram showing an electric wire in a state it is discretized, handled in
the invention. Fig. 2B is a diagram showing beam elements and nodes of the discrete electric wire shown in Fig. 2A.
[0011] In the invention, a finite element method is utilized on the basis of the following assumptions:

(1) The electric wire consists of an elastic member.

(2) The electric wire is an aggregation of beam elements serially connected to one another.
(3) A linearity is retained in each beam element.

(4) A cross section of the electric wire is circular.

[0012] Next, this electricwire 1 is discretized. Specifically, as shown in Fig. 2A, the electric wire 1 is divided (discretized)
into plural beam elements C1, C2, C3, .... In other words, the electric wire 1 is regarded as an aggregation of a finite
number of beam elements serially connected to one another.

[0013] Accordingly, the electric wire 1 may be considered as an aggregation of beam elements C1, C2, C3, ... which
are serially connected at nodes N1, N2, N3, ... to one another, as shown in Fig. 2B. Properties necessary for the beam
element are, for example, length "1" (see Fig. 2A), a cross section area A (see Fig. 2A), a moment of inertia of area, a
polar moment of inertia of area, density, amodulus of longitudinal elasticity, amodulus of transverse elasticity, and the
like. Those properties may be obtained in advance by measurement or calculation. It is preferable that the properties
are formed as a database, and available ad libitum. In the specification, the length and the cross sectional area are set
as geometric properties, and the moment of inertia of area, the polar moment of inertia of area, the modulus of longitudinal
elasticity, and the modulus of transverse elasticity are set as material properties.

[0014] As well known, Hook’s Law holds for a displacement of a structure not being vibrating by a static force within
arange of elasticity of the structure. Likewise, Hook’s Law holds also for the beam elements C1, C2, C3, ..., as is known.
The conditions of the displacement continuity and the equilibrium of forces are satisfied among the adjacent beam
elements C1, C2, C3, .... By utilizing those facts, those beam elements C1, C2, C3, ... are connected and the resultant
discrete body (electric wire) is expressed by the following expression (1).
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(K] {x} = (F} - (1)

In the above expression, [K] is a global stiffness matrix which are assembled from stiffness matrices of individual beam
elements. To state it simply, the contents of the global stiffness matrix [K] is like an aggregation of the properties. Those
values are previously set. {x} is a nodal displacement vector (or a displacement vector, simply), and an array of dis-
placement components of all the nodes. The component of the nodal displacement vector {x} includes a preset vector,
such as a point of constraint, and an unknown quantity. {F} is a net external force vector, and an array of external force
components at all the nodes.

[0015] In this way, a finite element model of the discrete wire having divided into an optional number of beam elements
is formed. A technique, which is similar to a technique disclosed in Japanese patent application No, 2002-279503, filed
on September 25, 2002 by the Applicant of the present patent application, can be applied to the formation of the finite
element model. The general matrix finite element method is described in, for example, the non-patent documents de-
scribed above.

[0016] Inthe invention, to predict a bending life span of the electric wire induced by vibrations, it is necessary to obtain
the natural frequencies, displacements, stress and the like. A theory and calculation formulae, which are used for obtaining
the natural frequencies, displacements, stress and the like, will be brieflydescribedbelow, while developing the expression
(1) .

[0017] To dynamically handle the wire for predicting its bending life span, an inertia force [M] {x"} is added to the load
term in the expression of the static equilibrium expressed by the expression (1), and damping [C] {x’} is taken into
account, and then we have

M] {x"} + [C] {x'} + [K] {x} = {F (£)} .. (2)

where

[M] : inertia matrix

[C] : damping coefficient matrix

{x’} first order differential of the displacement vector {x}

{x"} : second order differential of the displacement vector {x}

[0018] In a free vibration state, if external force = 0 ({F(t)} = 0 in the expression (2)), and no damping is present [C]
{xX’} =0 in the expression (2)), each point of the wire oscillates in a simple harmonic motion at a fixed frequency. When
the following expression (3) is substituted into the expression (2),

{x} = {%:,} sin ot - (3)
then we have

(M] ({%0} sin ot)” + [K] ({xo} sin ot) = 0

(-0 [M] + [K]) {x} sing ot =0

o

(IK] - o° M]) {x} =0 w  (4)

From the expression (4), the natural frequency ® and the displacement vector {x} as an eigen-vector can be obtained.
Even if the displacement vector {x} is multiplied by a fixed number, the expression (4) holds. Hence, the displacement
vector {x} is a relative displacement. Accordingly, a stress obtained from the displacement vector {x} is also a relative
value. An absolute value obtained from the expression (4) is only the natural frequency w. To calculate actual displace-
ments and stresses, it is necessary to input a load condition of an actual vibration.

[0019] To dynamically handle the wire for its bending life span prediction, if the time-dependant load {F () } is input
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to the expression (2), displacements and stresses each for each unit time can be calculated, basically. In case where
the equation is solved by inputting the time-dependant load {F (t) } to the expression (2), an analysis time to reproduce
the vibration is long in a phenomenon attendant with periodic vibrations, and hence, a time to output the analysis result
is extremely long. To avoid this, a common practice is to convert the expression from a time domain to a frequency
domain by Fourier transformation. In the calculation of the expression in the frequency domain, viz., in the frequency
response analysis, the frequency-dependant load is input to the expression to calculate displacement and stress per
each frequency. For the frequency-dependant load, a force applied to points of constraint on a wire harness or a wire
protecting member as an object under prediction of the bending life is set at an optional value, the force attending
envisioned vibrations of the engine, vehicle body, and the like. Thereafter, the expression is returned from the frequency
domain to the time domain by inverse Fourier transformation, whereby an amount of calculation is reduced. This technique
is well known, and hence, no further description of it will be given here.

[0020] By utilizing the theories and calculation formula thus far described, one can calculate natural frequency, dis-
placements and stresses, which will be described later on. The general eigenvalue analysis as described above is
described also in the non-patent document 2, for example.

[0021] Inthe presentinvention, a vibration analysis of a plurality of electric wires including, for example, grommets as
wire protecting members is also carried out. To apply the finite element method to the wire protecting member, the wire
protecting member is divided into a plurality of triangular finite elements, and stresses at those finite elements are
obtained. A vibration analysis of the wire protecting member, which follows the formation of the finite element model
consisting of such finite elements, is carried out in a manner as in the case of the electric wire.

[0022] Next, a hardware configuration for realizing a process procedure constructed according to the presentinvention
will be described. Fig. 3 is a block diagram showing a hardware configuration constructed according to the invention.
Figs. 4A and 4B are diagrams showing bending life span data stored in a storing device in Fig. 3.

[0023] As shown in Fig. 3, in the present invention, a personal computer, for example, is used which has a basic
configuration made up of a micro-computer 51, an input device 52, a display device 53, a printing device 54, a storing
device 55, a communication interface 56, and a read/write device 57. The micro-computer 51 includes a CPU (central
processing unit) 51a, a ROM 51b for storing a boot program and others, and a RAM 51c for temporarily storing various
processing results. The input device 52 is a keyboard, a computer mouse and the like; the display device 53 is an LCD,
a CRT and the like for displaying processing results; and the printing device 54 is a printer for printing processing results.
[0024] The storing device 55 is, for example, a hard disc drive, and the communication interface 56 is, for example,
a modem board for communicating with external devices by way of an internet, a LAN line and the like. The read/write
device 57 reads a bending life span predicting program 59a constructed according to the invention, which is stored in
a recording medium 59, and writes a result file 55c¢ into the recording medium 59. Those constituent components are
interconnected through an internal bus 58.

[0025] At least a set data file 55a, a bending life data file 55b, and a result file 55c¢ are stored in the storing device 55.
The set data file 55a contains data preset for predicting the bending life span. The data represents types of electric wires
and wire protecting members, atmosphere temperatures, pre-vibration shapes, constraint conditions and others, which
are set in a step S1 to be described later. The set data file 55a contains position information of obstacles 2, such as pre-
estimated stays and electric parts (see Fig. 7).

[0026] The bending life data file 55b is an aggregation of predicting functions y1, y2 and y3 as statistically calculated
using data of stresses and the number of bendings for endurance on electric wires 55a1 and 55a2, and wire protecting
member (e.g., grommet) 55a3, which are gathered at different atmosphere temperatures of, for example, - 40°C, 0°C
and 25 °C.

[0027] A curve y22 represents an upper confidence interval and the curve y23 represents a lower confidence interval
to a population regression function y21 obtained by the known regression analysis, as shown in Fig. 4B. For the predicting
function, the curve y23 of those curves y22 and y23 is used. The confidence interval is, for example, 95%. Such predicting
functions are obtained under condition that the electric wire and the grommet are placed at different atmosphere tem-
peratures. Accordingly, thebendinglife spanispredictedundermore severe statistical conditions. As a matter of course,
a given statistical reliability on the predicting function is taken into account, and a computing process of the predicting
function is easy. As a result, the bending life span is severelypredicted without addition of complicated processing
procedures. This contributes to further enhancement of quality and wiring path plan. Incidentally, the number of bendings
for endurance may be obtained using the population aggression function.

[0028] The result file 55¢ contains all the stresses of the discrete wire and the discrete grommet in the finite elements,
which are recorded by each natural frequency. The result file 55c¢ is stored in a text format, and may be output ad libitum.
The storing device 55 corresponds to predicting function storing means set forth in claims.

[0029] With such a configuration, the micro-computer 51 installs a bending life span predicting program 59a that is
read by the read/write device 57 into the storing device 55. After power on, the micro-computer 51 is activated according
to a boot program that is stored in the ROM 51b, and starts the bending life span predicting program 59a. According to
the bending life span predicting program 59a, themicro-computer 51 predicts a bending life span of the electric wire
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and/or the wire protecting member induced by vibrations, causes the display device 53 and the printing device 54 to
display and print the prediction result, and stores the result in the storing device 55. The bending life span predicting
program 59a may be installed to another personal computer having the same configuration, and after installing, operates
the computer as a bending life predicting device. The bending life span predicting program 59a may be provided through
a communication line, such as an Internet, a LAN or the like, instead of the recording medium 59.

[0030] Processing procedures according to the present embodiment of the invention will be described using an ex-
planatory diagram of Figs. 7A through 7C and flow charts of Figs. 5 and 6. Fig. 5 is a flow chart showing a main processing
procedure according to an embodiment of the invention. Fig. 6 is a flow chart showing a vibration analysis processing
procedure shown in Fig. 5. Figs. 7A, 7B and 7C are diagrams showing predictive shapes of the electric wire in primary,
secondary and tertiary vibration modes, respectively.

[0031] As shown in Fig. 5, data necessary for the prediction is set in a step S1. Specifically, items to be set are at
least a plurality of electric wires (exactly types of electric wires) whose bending life spans are to be predicted, wire
protecting members, (sometimes not required), atmosphere temperatures, pre-vibration shapes for each wires, and
constraint conditions for each electric wires. To set those necessary items, an input screen (not shown) is presented on
the display device 53, and necessary items are entered to the input screen by use of the input device 52.

[0032] The types of the electric wires are the types of the electric wires whose bending life spans are to be predicted.
For the electric wires, geometrical properties and material properties are linked to the types of the electric wires. Spe-
cifically, the geometric properties include information about lengths and cross sections for each wire. The material
properties are a moment of inertia of area, a polar moment of inertia of area, density a modulus of longitudinal elasticity,
and a modulus of transverse elasticity. Those materials may be obtained in advance by tests, for example. Those
properties concerns the finite elements in the stiffness matrix [K] of the expression (1). The atmosphere temperatures
are temperatures around the electric wires and/or wire protecting members when the bending life span prediction is
carried out, and typically -40°C, 0°C and 25°C.

[0033] The pre-vibration shape is a shape of the electric wire or the like in a static state as indicated by reference
numeral 1ain Fig. 7A. In the illustration, itis simplified and depicted linearly. The pre-vibration shape 1a may be manually
entered by use of the input device 52, or a pre-vibration shape that was previously formed before the bending life span
prediction may be used for the same. Preferably, such a pre-vibration shape as to satisfy given constraint conditions
and the minimum bending radius of the electric wire is calculated in advance, and it is used for the pre-vibration shape 1a.
[0034] For the constraint conditions, information of perfect constraint, rotation constraint and perfect free are set, while
corresponding to coordinate information on nodes n1 to n5 in fig 7A. The nodes n1 to n5 are connection points of the
finite elements into which the electric wire is divided. Some of the nodes correspond in position to parts at which constraint
members, such as connectors and clips, respectively. In this instance, the nodes n1 and n5 are put under the perfect
or rotation constraint condition by the constraint members, while the remaining nodes n2 to n4 are put under the perfect
free condition. The values set here concern the values of the finite elements in the displacement vector {x} in the
expression (1).

[0035] In some cases, the plural electric wires which form a wire harness are bundled, by an insulation locking band,
tape or the like, into a single bundle, and in other cases, those electric wires are not bundled. In case where the electric
wires are bundled together, the wire bundling is set as the constraint condition. In setting the constraint condition of the
wire bundling, it is preferable to handle the electric wires that come in contact with the insulation locking band or tape
in distinction from those located on the inner side of the former electric wires. By so doing, the bending life spans of the
wires can be more exactly predicted since the electric wires bundled and the electric wires not bundled are separately
processed.

[0036] In some cases, those electric wires are passed through a wire protecting member, such as a grommet, and in
other cases, the electric wires are arranged or distributed without using the wire protecting member. The plural electric
wires passed through the wire protecting member are used such that as described above, in some instances, those
wires are bundled together into a single bundle, and in other instances, those wires are not bundled. In case where the
wire protecting member is used, a constraint condition suitable for the wire protecting member is to be set. The step S1
thus far described corresponds to "setting step" and "setting unit" in claims.

[0037] Next, in a step S2, finite element models of the electric wires and/or wire protecting members are formed. The
finite element model of the wire protectingmember is formed by dividing the wire protecting member into plural rectangular
finite elements. The finite element model of the electric wire is formed such that the electric wire is divided into plural
beam elements. The step S2 corresponds to a finite element model forming step and a finite element model forming
means in claims.

[0038] Next, in a step S3, a vibration analyzing process is carried out for each finite element. Specifically, in a step
S301, on the assumption that a wire harness as a bundle of a plurality of electric wires as obj ects vibrates, the expression
(4) applies to the wire harness to calculate a natural frequency of the wire harness. In this case, the geometric properties
and the material properties as the individual elements of the stiffness matrix [K] are calculated on the assumption that
those properties are the results of composing the geometric properties and the material properties of each electric wire
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and/or wire protecting member. For the natural frequency, its values corresponding to, for example, the first, second
and tertiary vibration modes are calculated as shown in Figs. 7A to 7C. The number of vibration modes to be calculated
and the natural frequencies are not limited to the illustrated ones. For example, the first, second and tertiary vibration
modes are set as default values, and may be changed by use of the input device 52.

[0039] Following the natural frequency calculation, steps S302 and S303 are executed in which the natural frequencies
are applied to an expression obtained by Fourier transforming the expression (2) as described above to thereby calculate
displacements and stresses of all the finite elements for each electric wire and/or wire protecting member. In this case,
information as to whether or not the electric wires are bundled into one bundle and information as to whether or not
specific electric wire or wires come in contact with the insulation locking band or the tape, which are set as the constraint
conditions in the step S1, are incorporated regarding as the information concern all of the inertial matrix [M], the damping
coefficient matrix [C], and the external force {F (t)} in the expression (2).

[0040] In a step S304, the displacements and the stresses calculated every each natural frequency are linked with
(finite elements) information of the position of each electric wire and/or wire protecting member as an obj ect under
prediction of the bending life, and are written into the result file. Those steps S3, S301 to S303 correspond to a vibration
analyzing step and vibration analyzing unit in claims.

[0041] Subsequently, in a step S4, a maximum stress is retrieved from those stresses recorded in the result file, for
each electric wire and/or wire protecting member under prediction of the bending life. In a step S5, a predicting function
to the electric wire and/or wire protecting member under prediction of the bending life is read out. Specifically, a predicting
function of the atmosphere temperature as set in the step S1 to the electric wire and/or wire protecting member under
prediction of the bending life is read out from the bending life data file 55b stored in the storing device 55. The step S4
corresponds to a maximum stress retrieving step and a maximum stress retrieving unit in claims, and the step S5
corresponds to a predicting function readout step and predicting function readout unit in claims.

[0042] In the next step S6, each bending life span corresponding to maximum stress of each electric wire and/or each
wire protectingmember, which is obtained in the step S4, is acquired, while referring to the predicting functions read out
in the step S5. From those bending life spans, a shortest bending life span is obtained. The shortest bending life span
may be, for example, the number of bendings for endurance obtained from the bending life function in Fig. 4, or may be
an endurance time calculated based on the number of bendings for endurance and the natural frequency corresponding
to the former. The step S6 corresponds to a bending life predicting step and a bending life predicting unit in claims.
[0043] In the step S7, a position corresponding to the shortest bending life span is specified from its finite element.
This position specifying is useful in locating a part of the wire at which the wire is possibly disconnected. In a step S8,
the position specified in the step S7 and the bending life span predicted in the step S6 are output to the display device
53. Because the position on the wire protecting member and/or the electric wire corresponding to the shortest bending
life span is output in addition to the bending life span, more accurate bending life prediction is ensured. The step S7
corresponds to a position specifying step and position specifying means in claims, and the step S8 corresponds an
output step and an output unit in claims.

[0044] The following procedure may be taken: in a step S9, an interference part is predicted, and in a step S10 a
predicted inference part is output. Specifically, as described in the step S304, the stresses calculated for each natural
frequency are stored in the result file in a state that those stresses are linked with information of the positions (finite
elements) of the electric wires and/or wire protecting members. Therefore, predictive shapes canbe generated for each
vibration mode from the result file, as indicated by 1a1 in Fig. 7A, 1a2 in Fig. 7B, and 1a3 in Fig. 7C. The position
information of the obstacle 2, as described above, is stored in the storing device 55. Therefore, if the position information
is composed with the predictive shape for each vibration mode, one can see that there is a possibility that the electric
wire will interfere with the obstacle 2 (see Fig. 7C). On the contrary, it is possible to predict a part of the electric wire
where it will interfere with the obstacle 2. The step S9 corresponds to an interference part predicting step in claims.
[0045] Ifin a step S11, it is judged that a command of outputting the result file is present, the contents of the result
file 55¢ is output in the text format in a step S12. The output contents may be displayed by the display device 53 or
printed on a sheet by the printing device 54. Further, the contents to be output may be designated by the input device
52. If the contents outputting is not needed, the sequence of processing steps may be ended (N in step S11).

[0046] Thus, the embodiment of the invention succeeds in providing a method and apparatus for predicting bending
life spans of electric wires or the like, which can more accurately predict bending life spans of the wires and can satis-
factorily meet the demand of enhancing the prediction accuracy in an environment where vibrations occur, and a program
for predicting the same in such ways. In particular, a disconnection life of the electric wire, which is due to engine vibration
ofthe automobile, can be predicted for a short time and without performing the endurance test. This is a very advantageous
effect. Further, also statistically, the bending life span is predicted under severe conditions. Accordingly, the embodiment
contributes to further enhancement of quality and wiring path plan.

[0047] It will be readily understood that the invention is not limited to the embodiment above mentioned. For example,
the wire protecting member is not limited to the grommet. Further, the invention is not limited to the inside of the automobile,
but may be applied to a place in a factory where vibrations occur.
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[0048] According to the invention, the plural electric wires, the atmosphere temperatures, pre-vibration shapes of the
plural electric wires, and constraint conditions of the plural electric wires are set, and finite element models of plural
electric wires are formed. Natural frequencies for the pre-vibration shapes of the plural electric wires are calculated, and
stresses in individual finite elements of the finite element models which correspond to the natural frequencies are
calculated, and a maximum stress is retrieved from the calculated stresses for each electric wire. Predicting functions
corresponding to the plural electric wires and the atmosphere temperatures, which are set, are read out. A bending life
span corresponding to the maximum stress of each electric wire, is acquired while referring to the predicting functions
read out, and a shortest bending life span is obtained from the bending life spans, and output. Accordingly, the bending
life spans of the plural electric wires can be accurately predicted without performing the endurance test. As a result,
there is provided a bending life predicting method which can meet the demands of reducing the development period
and enhancing the prediction accuracy.

[0049] According to the invention, the plural electric wires and wire protecting members, the atmosphere temperatures,
pre-vibration shapes of the plural electric wires, and constraint conditions of the plural electric wires are set, and finite
element models of plural electric wires are formed. Natural frequencies for the pre-vibration shapes of the plural electric
wires are calculated, and stresses in individual finite elements of the finite element models which correspond to the
natural frequencies are calculated, and a maximum stress is retrieved from the calculated stresses for each electric
wire. Predicting functions corresponding to the plural electric wires and the atmosphere temperatures, which are set,
are read out. A bending life span corresponding to the maximum stress of each electric wire, is acquired while referring
to the predicting functions read out, and a shortest bending life span is obtained from the bending life spans, and output.
Accordingly, the bending life spans of the plural electric wires inclusive of the wire protecting member can be accurately
predicted without performing the endurance test. As a result, there is provided a bending life predicting method which
can sufficiently meet the demands of reducing the development period.

[0050] According to the invention, the plural electric wires are regarded as a wire-like structure of a bundle of the plural
electric wires, and natural frequencies of the plural electric wires are computed. This feature results in reduction of
calculation amount. Further reduction of the time taken for the bending life span prediction is realized.

[0051] According to the invention, when the plural electric wires are bundled into a single bundle, and the bundling of
the plural electric wires is set as one of the constraint conditions in the setting step. This ensures more exact prediction
of the bending life span. Actually, in some cases, the plural electric wires are bundled into a single bundle, and in other
cases, those are not bundled. The bending life span can be predicted, while those cases are clearly separated from
each other.

[0052] According to the invention, a position specifying step for specifying a position on the wire protecting member
or the electric wire corresponding to the shortest bending life span, is also specified, together with the bending life span,
and is output. This feature ensures a more accurate prediction of the bending life span.

[0053] According to the invention, an interference part induced by vibrations on each wire protecting member or each
plural electric wires is also predicted. Accordingly, with this feature, optimum wiring paths can be designed free from
wire disconnection by its contact.

[0054] According to the invention, a curve representative of a lower confidence interval to a population regression
function statistically calculated using data of the stresses and the number of bendings for endurance under a plurality
of typical atmosphere temperatures for the wire protecting members and the electric wires, is used for the predicting
function. Accordingly, the bending life span is predicted under severe statistical conditions. As a matter of course, a
given statistical reliability on the predicting function is taken into account, and a computing process of the predicting
function is easy. As a result, the bending life span is severelypredicted without addition of complicated processing
procedures. This contributes to further enhancement of quality and wiring path plan.

Claims

1. Acomputer-implemented bending life predicting method of predicting bending life span of a plurality of wires induced
by vibration, at least two points of each of the plurality of wires being constrained, the method comprising the steps of:

a pre-storing step (S1) of pre-storing each predicting function representing relationships among atmosphere
temperatures, stresses and bending life spans for the plurality of wires,

a setting step (S1) of setting the plurality of wires, the atmosphere temperatures, pre-vibration shapes of the
plurality of wires, and constraint conditions of the plurality of wires,

a finite element model forming step (S2) of forming finite element models of the plurality of wires by using a
finite element method,

a vibration analyzing step (S3) of calculating natural frequencies for the pre-vibration shapes and calculating
stresses in individual finite elements of the finite element models which correspond to the natural frequencies,
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respectively,

amaximum stress retrieving step (S4) of retrieving a maximum stress from the stresses calculated in the vibration
analyzing step (S3), for each of the plurality of wires,

a predicting function readout step (S5) of reading predicting functions corresponding to the atmosphere tem-
peratures set in the setting step (S1), respectively,

a bending life predicting step (S6) of acquiring a bending life span corresponding to the maximum stress of
each of the plurality of wires while referring to the predicting functions read out in the predicting function readout
step (S5), and obtaining a shortest bending life span from the bending life spans, and

an output step (S8) of outputting the shortest bending life span obtained in the bending life predicting step (S6).

The method according to claim 1, wherein in the vibration analyzing step (S3), the plurality of wires are regarded
as a wiring structure in which the plurality of wires are bundled, and natural frequencies of the plurality of wires are
computed, respectively.

The method according to claim 1, wherein the plurality of wires are bundled into a single bundle, and the bundling
of the plurality of wires is set as one of the constraint conditions in the setting step (S1).

The method according to claim 1, further comprising a position specifying step (S7) of specifying a position on the
wire corresponding to the shortest bending life span, the output step (S8) outputting the position specified by the
position specifying step (S7).

The method according to claim 1, wherein

in the vibration analyzing step (S3) displacements of finite elements of the finite element models which correspond
to the natural frequencies are calculated,

the method includes an interference part predicting step (S9) of predicting an interference part on the plurality
of wires which is induced by vibrations based on the calculated displacements, and

the output step (S8) outputs the predicted interference part.

The method according to claim 1, wherein a curve representing a lower confidence interval to a population regression
function statistically calculated using the stresses and data on bending endurance life spans that are obtained under
a plurality of typical atmosphere temperatures for the plurality of wires, is used for the predicting function.

A computer readable recording medium storing a program for predicting bending life spans of a plurality of wires
induced by vibrations, the program causing a computer to carry out all steps of claim 1.

A bending life predicting device for predicting bending life spans of a plurality of wires induced by vibrations, at least
two points of each of the plurality of wires being constrained, the device comprising:

a pre-storing unit (55) for pre-storing each predicting function (55a1, 55a2, 55a3) representing relationships
among atmosphere temperatures, stresses and bending life spans for the plurality of wires (1),

a setting unit (52) for setting the plurality for wires (1), the atmosphere temperatures, pre-vibration shapes of
the plurality of wires (1), and constraint conditions of the plurality of wires (1),

a finite element model forming unit (51) for forming finite element models of the plurality of wires (1) by using
a finite element method,

a vibration analyzing unit (51) for calculating natural frequencies for the pre-vibration shapes and calculating
stresses in individual finite elements of the finite element models which correspond to the natural frequencies,
respectively,

amaximum stress retrieving unit (51) for retrieving a maximum stress from the stresses calculated in the vibration
analyzing unit (51), for each of the plurality of wires (1),

a predicting function readout unit (51) for reading predicting functions (55a1, 55a2, 55a3) corresponding to the
atmosphere temperatures set in the setting unit (52), respectively,

a bending life predicting unit (51) for acquiring a bending life span corresponding to the maximum stress of each
of the plurality of wires (1) while referring to the predicting functions (55a1, 55a2, 55a3) read out in the predicting
function readout unit (51), and obtaining a shortest bending life span from the bending life spans, and

an output unit (53, 54) for outputting the shortest bending life span obtained in the bending life predicting unit (51).

9. The device according to claim 8, wherein
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the vibration analyzing unit (51) calculates displacements of finite elements of the finite element models which
correspond to the natural frequencies,

the device includes an interference part predicting unit (51) for predicting an interference part on the plurality
of wires (1) which or the wire protecting member is induced by vibrations based on the calculated displacements,
and

the output unit (53, 54) outputs the predicted interference part.

Patentanspriiche

Computerimplementiertes Verfahren zum Vorhersagen der Dauerbiegefestigkeit, mit dem eine Biegelebensdauer
einer Vielzahl von Drahten vorhergesagt wird, die durch Schwingung induziert wird, wobei wenigstens zwei Punkte
jedes der Vielzahl von Drahten eingespannt sind und das Verfahren die folgenden Schritte umfasst:

einen Vorspeicherschritt (S1) des Vorspeicherns jeder Vorhersagefunktion, die Beziehungen zwischen Umge-
bungstemperaturen, Belastungen und Biegelebensdauern fir die Vielzahl von Drahten darstellen,

einen Einstellschritt (S1) des Einstellens der Vielzahl von Drahten, der Umgebungstemperaturen, von Formen
der Vielzahl von Drahten vor Schwingung und Einspannbedingungen der Vielzahl von Drahten,

einen Schritt (S2) des Ausbildens eines Finite-Elemente-Modells, mit dem Finite-Elemente-Modelle der Vielzahl
von Drahten unter Verwendung einer Finite-Element-Methode ausgebildet werden,

einen Schwingungsanalysierschritt (S3) des Berechnens von Eigenfrequenzen fiir die Formen vor Schwingung
und des Berechnens von Belastungen in einzelnen finiten Elementen der Finite-Elemente-Modelle, die jeweils
den Eigenfrequenzen entsprechen,

einen Schritt (S4) des Abrufens maximaler Belastung, mit dem eine maximale Belastung von den in dem
Schwingungsanalysierschritt (S3) berechneten Belastungen flr jeden der Vielzahl von Drahten abgerufen wird,
einen Schritt (S5) zum Auslesen von Vorhersagefunktionen, mit dem Vorhersagefunktionen gelesen werden,
die jeweils den in dem Einstellschritt (S1) eingestellten Umgebungstemperaturen entsprechen,

einen Schritt (S6) des Vorhersagens von Dauerbiegefestigkeit, mit dem eine Biegelebensdauer bestimmt wird,
die der maximalen Belastung der Vielzahl von Dréahten entspricht, wobei auf die in dem Schritt (S5) zum Auslesen
von Vorhersagefunktionen ausgelesenen Vorhersagefunktionen Bezug genommen wird und eine kiirzeste Bie-
gelebensdauer aus den Biegelebensdauern ermittelt wird, und

einen Ausgabeschritt (S8) des Ausgebens der in dem Schritt (S6) zum Vorhersagen der Dauerbiegefestigkeit
ermittelten kirzesten Biegelebensdauer.

Verfahren nach Anspruch 1, wobei in dem Schwingungsanalysierschritt (S3) die Vielzahl von Drahten als eine
Verdrahtungsstruktur betrachtet werden, in der die Vielzahl von Drahten geblindelt sind, und jeweils Eigenfrequenzen
der Vielzahl von Drahten berechnet werden.

Verfahren nach Anspruch 1, wobei die Vielzahl von Drahten zu einem einzelnen Biindel gebiindelt sind und das
Bilindeln der Vielzahl von Dréhten als eine der Einspannbedingungen in dem Einstellschritt (S1) eingestellt wird.

Verfahren nach Anspruch 1, das des weiteren einen Schritt (S7) zum Spezifizieren einer Position umfasst, in dem
eine Position an dem Draht spezifiziert wird, die der kiirzesten Biegelebensdauer entspricht, und wobei der Ausga-
beschritt (S8) die durch den Schritt (S7) zum Spezifizieren einer Position spezifizierte Position ausgibt.

Verfahren nach Anspruch 1, wobei

in dem Schwingungsanalysierschritt (S3) Verschiebungen finiter Elemente der Finite-Elemente-Modelle be-
rechnet werden, die den Eigenfrequenzen entsprechen,

das Verfahren einen Schritt (S9) zum Vorhersagen eines Interferenzteils einschlief3t, in dem ein Interferenzteil
ander Vielzahl von Drahten, der durch Schwingungen induziert wird, auf Basis der berechneten Verschiebungen
vorhergesagt wird, und

der Ausgabeschritt (S8) den vorhergesagten Interferenzteil ausgibt.

Verfahren nach Anspruch 1, wobei eine Kurve, die einen unteren Vertrauensbereich fiir eine Populationsregressi-
onsfunktion darstellt, die unter Verwendung der Belastungen und von Daten Uber Biegefestigkeits-Lebensdauern
statistisch berechnet wird, die in einer Vielzahl typischer Umgebungstemperaturen flr die Vielzahl von Drahten
ermittelt werden, fur die Vorhersagefunktion verwendet wird.
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7. Computerlesbares Aufzeichnungsmedium, das ein Programm zum Vorhersagen von Biegelebensdauern einer Viel-
zahl von Drahten, die durch Schwingungen induziert werden, speichert, wobei das Programm einen Computer
veranlasst, alle Schritte nach Anspruch 1 auszufiihren.

8. Vorrichtung zum Vorhersagen von Dauerbiegefestigkeiten, mit der Biegelebensdauern einer Vielzahl von Drahten,
die durch Schwingungen induziert werden, vorhergesagt werden, wobei wenigstens zwei Punkte jedes der Vielzahl
von Dréhten eingespannt sind und die Vorrichtung umfasst:

eine Vorspeichereinheit (55) zum Vorspeichern jeder Vorhersagefunktion (55a1, 55a2, 55a3), die Beziehungen
zwischen Umgebungstemperaturen, Belastungen und Biegelebensdauern fir die Vielzahl von Dréhten (1) dar-
stellen,

eine Einstelleinheit (52) zum Einstellen der Vielzahl von Drahten (1), der Umgebungstemperaturen, von Formen
der Vielzahl von Drahten (1) vor Schwingung und Einspannbedingungen der Vielzahl von Dréhten (1),

eine Einheit (51) zum Ausbilden eines Finite-Elemente-Modells, die Finite-Elemente-Modelle der Vielzahl von
Drahten (1) unter Verwendung einer Finite-Element-Methode ausbildet,

eine Schwingungsanalysiereinheit (51) zum Berechnen von Eigenfrequenzen fir die Formen vor Schwingung
und zum Berechnen von Belastungen in einzelnen finiten Elementen der Finite-Elemente-Modelle, die jeweils
den Eigenfrequenzen entsprechen,

eine Einheit (51) zum Abrufen einer maximalen Belastung, die eine maximale Belastung aus den in der Schwin-
gungsanalysiereinheit (51) berechneten Belastungen fir jeden der Vielzahl von Drahten (1) abruft,

eine Einheit (51) zum Auslesen von Vorhersagefunktionen, die die Vorhersagefunktionen (55a1, 55a2, 55a3)
liest, die jeweils den in der Einstelleinheit (52) eingestellten Umgebungstemperaturen entsprechen,

eine Einheit (51) zum Vorhersagen einer Dauerbiegefestigkeit, die eine Biegelebensdauer, die der maximalen
Belastung jedes der Vielzahl von Drahten (1) entspricht, unter Bezugnahme auf die in der Einheit (51) zum
Auslesen von Vorhersagefunktionen ausgelesenen Vorhersagefunktionen (55a1, 55a2, 55a3) bestimmt und
eine kirzeste Biegelebensdauer aus den Biegelebensdauern ermittelt, und

eine Ausgabeeinheit (53, 54) zum Ausgeben der in der Einheit (51) zum Vorhersagen der Dauerbiegefestigkeit
ermittelten kirzesten Biegelebensdauer.

9. Vorrichtung nach Anspruch 8, wobei

die Schwingungsanalysiereinheit (51) Verschiebungen finiter Elemente der Finite- Elemente-Modelle berechnet,
die den Eigenfrequenzen entsprechen,

die Vorrichtung eine Einheit (51) zum Vorhersagen eines Interferenzteils enthalt, die einen Interferenzteil an
der Vielzahl von Drahten (1), die an dem Draht-Schutzelement durch Schwingungen induziert wird, auf Basis
der berechneten Verschiebungen vorhersagt, und

die Ausgabeeinheit (53, 54) den vorhergesagten Interferenzteil ausgibt.

Revendications

1. Procédé de prédiction de durée de vie en flexion mis en oeuvre par ordinateur pour prédire une durée de vie en
flexion d’une pluralité de fils induite par des vibrations, au moins deux points de chacun de la pluralité de fils étant
contraints, le procédé comprenant les étapes de :

une étape de préstockage (S1) pour préstocker chaque fonction de prédiction représentant des relations entre
des températures d’atmosphére, des contraintes et des durées de vie en flexion pour la pluralité de fils ;

une étape d’établissement (S1) pour établir la pluralité de fils, les températures d’atmosphére, des formes de
prévibration de la pluralité de fils et des conditions de contrainte de la pluralité de fils,

une étape de formation de modele par éléments finis (S2) pour former des modeles par éléments finis de la
pluralité de fils en utilisant un procédé par éléments finis ;

une étape d’analyse de vibration (S3) pour calculer des fréquences naturelles pour les formes de prévibration
et pour calculer des contraintes dans des éléments finis individuels des modéles par éléments finis qui corres-
pondent respectivement aux fréquences naturelles ;

une étape de recherche de contrainte maximum (S4) pour rechercher une contrainte maximum a partir des
contraintes calculées au niveau de I'étape d’analyse de vibration (S3), pour chacun de la pluralité de fils ;
une étape de lecture de fonction de prédiction (S5) pour lire des fonctions de prédiction correspondant aux
températures d’atmosphére établies respectivement au niveau de I'étape d’établissement (S1),
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une étape de prédiction de durée de vie en flexion (S6) pour acquérir une durée de vie en flexion correspondant
a la contrainte maximum de chacun de la pluralité de fils tout en se référant aux fonctions de prédiction lues
au niveau de I'étape de lecture de fonction de prédiction (S5) et pour obtenir une durée de vie en flexion la plus
courte a partir des durées de vie en flexion ; et

une étape de sortie (S8) pour émettre en sortie la durée de vie en flexion la plus courte obtenue au niveau de
I'étape de prédiction de durée de vie en flexion (S6).

Procédé selon larevendication 1, dans lequel, au niveau de I'étape d’analyse de vibration (S3), les fils de la pluralité
de fils sont considérés en tant que structure de cablage au niveau de laquelle les fils de la pluralité de fils sont
groupés en faisceau, et des fréquences naturelles de la pluralité de fils sont respectivement calculées.

Procédé selon la revendication 1, dans lequel les fils de la pluralité de fils sont groupés en faisceau selon un unique
faisceau et le groupage en faisceau de la pluralité de fils est établi en tant que I'une des conditions de contrainte
au niveau de I'étape d’établissement (S1).

Procédé selon la revendication 1, comprenant en outre une étape de spécification de position (S7) pour spécifier
une position sur le fil correspondant a la durée de vie en flexion la plus courte, I'étape de sortie (S8) émettant en
sortie la position spécifiée par I'étape de spécification de position (S7).

Procédé selon la revendication 1, dans lequel :

au niveau de I'étape d’analyse de vibration (S3), des déplacements d’éléments finis des modéeles par éléments
finis qui correspondent aux fréquences sont calculés, le procédé incluant :

une étape de prédiction de partie d’interférence (S9) pour prédire une partie d’interférence concernant la
pluralité de fils qui est induite par des vibrations sur la base des déplacements calculés ; et
I'étape de sortie (S8) émet en sortie la partie d’interférence prédite.

Procédé selon la revendication 1, dans lequel une courbe représentant un intervalle de confiance inférieur vis-a-
vis d’'une fonction de régression de population calculée statistiquement en utilisant les contraintes et les données
concernant des durées de vie d’endurance en flexion qui sont obtenues sous une pluralité de températures d’at-
mosphere typiques pour la pluralité de fils est utilisée pour la fonction de prédiction.

Support d’enregistrement lisible par ordinateur qui stocke un programme pour prédire des durées de vie en flexion
d’une pluralité de fils induites par des vibrations, le programme ayant pour effet qu’un ordinateur met en oeuvre
toutes les étapes de la revendication 1.

Dispositif de prédiction de durée de vie en flexion pour prédire des durées de vie en flexion d’une pluralité de fils
induites par des vibrations, au moins deux points de chacun de la pluralité de fils étant contraints, le dispositif
comprenant :

une unité de préstockage (55) pour préstocker chaque fonction de prédiction (55a1, 55a2, 55a3) représentant
des relations entre des températures d’atmospheére, des contraintes et des durées de vie en flexion pour la
pluralité de fils (1) ;

une unité d’établissement (52) pour établir la pluralité de fils (1), les températures d’atmosphére, des formes
de prévibration de la pluralité de fils (1) et des conditions de contrainte de la pluralité de fils (1);

une unité de formation de modéle par éléments finis (51) pour former des modéles par éléments finis de la
pluralité de fils (1) en utilisant un procédé par éléments finis ;

une unité d’analyse de vibration (51) pour calculer des fréquences naturelles pour les formes de prévibration
et pour calculer des contraintes dans des éléments finis individuels des modeles par éléments finis qui corres-
pondent respectivement aux fréquences naturelles ;

une unité de recherche de contrainte maximum (51) pour retrouver une contrainte maximum a partir des con-
traintes calculées dans I'unité d’analyse de vibration (51) pour chacun de la pluralité de fils (1) ;

une unité de lecture de fonction de prédiction (51) pour lire des fonctions de prédiction (55a1, 55a2, 55a3)
correspondant respectivement aux températures d’atmosphére établies dans I'unité d’établissement (52) ;
une unité de prédiction de durée de vie en flexion (51) pour acquérir une durée de vie en flexion correspondant
a la contrainte maximum de chacun de la pluralité de fils (1) tout en se reportant aux fonctions de prédiction
(55a1, 55a2, 55a3) lues dans l'unité de lecture de fonction de prédiction (51) et pour obtenir une durée de vie
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en flexion la plus courte a partir des durées de vie en flexion ; et
une unité de sortie (53, 54) pour émettre en sortie la durée de vie en flexion la plus courte obtenue au niveau
de l'unité de prédiction de durée de vie en flexion (51).

9. Dispositif selon la revendication 8, dans lequel :

'unité d’analyse de vibration (51) calcule des déplacements d’éléments finis des modéles par éléments finis
qui correspondent aux fréquences naturelles ;

le dispositif inclut une unité de prédiction de partie d’interférence (51) pour prédire une partie d’interférence
concernant la pluralité de fils (1) ou I'élément de protection de fil qui est induite par des vibrations sur la base
des déplacements calculés ; et

l'unité de sortie (53, 54) émet en sortie la partie d’interférence prédite.
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